This work gives an account of the staging of a didactic proposal for the construction of the notion of Trigonometric Fourier Series (TFS), with the aim of promoting in the student that the mathematical object has meaning and significance to the engineer in training. The theoretical perspective is the social construction of knowledge, identified through the institutional and social context to the analysis of signals as a driving force of knowledge throughout the across the academic career, due to the fact that any physical phenomenon to be studied is a signal. Hence the proposal promotes visual thinking and the development of advanced mathematical thinking. Given the academic background and content of the subjects prior to the issue is considered the TFS as a linear combination of orthogonal functions and aims to visually characterize the concepts involved correlating the physical phenomenon in this case the signals are linear time-invariant. Research has established that the construction of knowledge and the development of mathematical visualization achieved by students is encouraged by the interaction of different registers of representation, with the help of a technological medium, the computer in this case.
Introduction
Among the problems encountered in the learning of mathematics in school situation, this lack of sense and meaning they have the same among most students at the top level, be it medical student, chemistry, biology and even engineering. In particular, the engineering student would not attach due importance to the subjects of math (or even equivalent) and science subjects in engineering and much less with the subjects of applied engineering and, in most cases they conform to "pass the corresponding mathematic subject" because they are within the curriculum of engineering that they are interested on.
Generally, the mathematical knowledge when it's taking the classroom has followed the traditional practice of teaching following the paradigm that dominates the school system as to the contents plans and programs of study in school textbooks and classroom activities in the teaching-learning process focused on the axiomatic and deductive approaches of formal mathematics Montiel G., 2003. ) . What makes a teacher's teaching manners is teaching algorithmic content (García, 2005) . This didn't take into account the active part of the student and the other has resulted in isolated knowledge it acquires, machining, without being able to attribute a meaning and significance. This knowledge is property "weakly" and cannot support the construction of modules of the engineering sciences and applied engineering and cannot promote the optimal development of the profile of an engineer who starts to form since him enters to superior level. This paper gives an account of the staging of a didactic proposal for the construction of the notion of Fourier trigonometric series, the idea is to promote student mathematical object that has meaning and significance, which will enable construction of knowledge engineering sciences and applied engineering, and that contributes to the formation of a mathematical functional thought for the engineering. The issue is part of the subject "Transform functions" that is taught in the third semester of the course: Communications and Electronics Engineering of the Instituto Politecnico Nacional (IPN, Mexico).
Theoretical perspective
For the design of this proposal, reference is taken from the theoretical perspective called Socioepistemology, where the school system has been considered by the component parts ( teacher, student, classroom, institution and social interactions) in the role that represented in the construction of mathematical knowledge (Cordero, 2005) . As a result, the approach to the problem studied is systemic, because at the same time takes into account students' prior knowledge, the epistemological dimension of knowledge, social practices involved, it also takes into account the work of community teachers and engineers that this rule in one form or another mathematical knowledge required in the school building. From the point of view socioepistemologic approach, the standardization of spoken requires the notion of institution. Well, unlike the psychological approaches that explain the process of understanding from a mental standpoint, this means framing systems that makes learning in an institution ruled by practice. Thesis that has already been studied and developed within the community of mathematics education (in Mexico) for example in the report Arrieta doctoral thesis (Arrieta, 2003) , doctoral thesis Montiel (Montiel, 2005) , Masters at work reported by Covián (Covian, 2005) .
Thus it was felt that the mathematical knowledge will provide a sense and meaning to the student if it is built within a community and gradually incorporate it relates to their activities and social practices in their cultural setting, in this case the institution with its rules , the engineering community in community education and professional engineers. Thus encouraging the learning of mathematics articulated, integrated and functional for the corresponding area of knowledge.
As part of building a working knowledge for engineers, research has identified signal analysis as a handy reference is a primary objective in the construction of knowledge in the disciplines of engineering sciences and applied engineering in of the engineering community in formation of the area of Communications and Electronics.
The signal analysis (for the mathematics area analysis of functions) is very important because to them it means any physical phenomenon to be studied and explored is a signal. A signal is modeled by mathematical functions. Hence the importance of promoting visual thinking and the development of advanced mathematical thinking skills and potentiates the capacity of abstraction, logical thinking and creativity expected of a professional engineer.
Whereas in this way the social construction of knowledge, it is an approach to the notion of Fourier trigonometric series, contributing factors can be incorporated into everyday activities in the classroom to promote learning of a mathematical function. So the approach to the Fourier trigonometric series, is made from a visual approach on one hand promoting the understanding of the mathematical notion on a par with mathematical visualization assuming the latter as the ability to represent, transform, generate, communicate, document and reflect visual information in the mind of the learner Montiel G., 2001) . Cantoral describes that the visualization is the operation of cognitive structures that are used to solve problems, we made the abstract relations between the various representations of a mathematical object in order to operate with them and get a result Montiel G., 2002) .
On the other hand, consider that mathematical activity should be distinguished from the object representation of the mathematical object. And with reference to Duval, who said through his cognitive theory of semiotic representations:
You can access the mathematical objects out of a semiotic system. It is necessary to describe and learn how certain systems of representation. It is important not to confuse an object with its representation semiotics: the function with the graph that represents ... Semiotic representations are important for the cognitive activity of thinking.
So because of the different semiotic systems can and should be used to establish mathematical relationships between languages, contexts and registers of semiotic representation. Each language contextualizes the problem to an algebraic context, analytic, geometric, graphic and verbal (as applicable) and each uses some mathematical language of semiotic representation registers that may be of language (natural language, writing algebraic formal language) or other type (graphs, charts, ..) (Garbin, 2005) .
In addition, the educational model of the institution in this case the IPN, is based on social constructivism, takes the process of teaching and student-centered learning, which although in practice for various reasons the student "just solved exercises "in an operational way. The research analyzes some of the activities that students performed during their classes, such as course notes, exams and exercises done from here identified the following weaknesses and strengths that are the basis for the design of the proposal (Table 1) . Table 1 . Weaknesses and strengths of the students Also as a result of analysis of the dimensions involved, this proposal is the mathematical object "looks" from three contexts: physical, visual and graphic-analytic-algebraic, immersed in fourth verbal context, see Figure 1 Figure1: The mathematical object from different contexts
The Trigonometric Fourier Series and their different representations
Given the academic background and content of the subjects prior to the issue is considered the STF as a linear combination of orthogonal functions and aims to visually characterize linearity concepts involved correlating the physical phenomenon in this case are invariant linear signals time, and comparing the series with the principle of superposition and homogeneity of these signals. Are taken as a cosine function that varies smoothly infinite base with emphasis on orthogonality characteristics mathematically and graphically and differences between the series and the function that approaches.
For example in Figure 2 , you can see the introduction of a language of the engineers, the graph can be associated with any electronic device that can deliver as output a signal as shown. Also in explaining mathematical modeling is involved with language and with the "engineer's own signal." Figure 2 : Graph of a semi-wave rectified.
The student of the graph can "see" features of the function as whether or not discontinuities, maxima and minima, the domain of definition and the analytical representation. Here it is:
or in the language of signs (for engineers): the graph corresponds to a half-wave rectified, which can be written as:
where U (t) is the Heaviside function or unit step function defined as: 
Weakness of the student

Mathematical object
Following the same theme, the activities allow the articulation of different representations as shown in Figure 3 ANALYTICAL-ALGEBRAIC CONTEXT Figure 3 : Analytical language and graphic language, two contexts within an activity
The analysis in these two contexts are briefly described as:
In the analytic-algebraic context, simply apply the definition of the Heaviside function shifted to the right by π units and multiply by the function (-sin t).
In the graphic-visual context, the two functions are plotted in the same "window", you can see that by multiplying the two graphs point to point (magenta with blue), from zero to Pi is zero multiplication and from Pi the multiplication gives (-sin t), as shown in second graph. The verbal argument in the stands in another context, it is important to encourage the student to communicate and argue their ideas in a coherent and structured. The manipulation of the functions are schematically ruts through "adders" signal. Activities must reflect the interaction contexts in the management of the series of Fourier highlighting their properties, for example Figure 4 building a signal with the sum of the first harmonic, the student must recognize patterns, behaviors, identify, and relate to the terms of the series. 
Didactical Proposal
The proposal is a didactic engineering work, as its structure helps integrate scientific dimensions that govern the different learning institution located in a school, she offered sufficient basis to conduct research exploration. It is based on experiments in class and is located in the records of the case studies, validating the results internally to confront a priori analysis with a posteriori analysis.
Teaching engineering was formed with the following elements:
Preliminary analysis
Where were analyzed and found those restrictions and conditions that directly impact the knowledge to be taught. Teaching engineering considers three dimensions (they interact systemically, but followed the theoretical perspective of the social dimension was involved as the above are embedded as a whole in a didactic school situation).
In the design of teaching situations were analyzed and discussed the restrictions and conditions for planning and design of the teaching sequence.
This also set the control variables. It is considered in this case the control of meaning.
To do this, Raymond Duval through their semiotic representations theory provides a good reference point for choosing the control variables to set (Guzman, 1998) :
"The diversification of registers of semiotic representation is the constant development of knowledge both from the standpoint of the individual and the scientific and cultural ..."
Registration be understood as representing the system of signs used to represent a mathematical idea or concept that meets identifiable, allowing the manipulation and transformation within the same record and allows the conversion, involving the transfer of all or part to another record.
Duval set in (Ibarra S.; Bravo J.; Grijalva A., 2001) :
"... Understanding (inclusive) of a conceptual content, lies in the coordination of at least two registers of representation, and this coordination is manifested by the speed and spontaneity of the cognitive activity of conversion".
With these considerations, the proposal promotes the work in the graphic contexts (primarily), algebraic-analytic, and natural language.
Here is the a priori analysis of one of the sessions. In this session the student is a first approach to the analysis of signals in an intuitive way. Interacting in four contexts: physical, mathematical, verbal and graphic, keeping the latter as the central axis. The intention is that students begin to "see" the graphic for information interpreting meanings by interacting with the physical phenomenon (sound). It works with an oscilloscope (virtual) and a microphone as they would in the professional field. The Table  2 provides details of what is expected of response from students for some of the activities: At the beginning of each session the student is given the team the day's activities both in print and the corresponding file on a disk that contains the working files in the presentation of the topic, activities and a file with example programs in MATHEMATICA, with the necessary instructions needed by inspecting the student can simply change the data you need and tailor the program and the activities required of you.
Below are an example of activities of the students during the meetings. To promote the idea of Fourier trigonometric series as a linear combination of orthogonal functions. View graphical information to predict behavior as Orthogonality, distribution of frequencies, phase shifts. Relate algebraic-analytical context to the context graph. Recognize patterns in both contexts. Relate to the terms of the Fourier trigonometric series. Identify characteristics of graphs of the Fourier series. To introduce intuitively the notion of convergence.
Development activities, the Figure 5 shows one of the activities of this session.
With the help of MATHEMATICA "estimate" coefficients for the given function (justify your answer). For considering that , the integrand represents the area (with sign) under the curve, the third graph shows how this varies By "adding the areas under the curve", the "positive areas are added to the negative areas" so that the graph we can conclude that Figure 5 : Part of the teaching sequence. In session 4, the orthogonality and Fourier coefficients.
Analysis to posteriori
Analysis a posteriori is based on the data set collected during the experiment, these observations can be made of the teaching sequences, production of student work inside and outside of class. These data are supplemented by external methods applied at different times of teaching or during.
Before the staging sequence exploratory questionnaire was applied to locate "the student's knowledge platform", at the end of the sequence another questionnaire was used to contrast "if there was change in conceptions of the student. For this there were two additional meetings.
During the implementation of the first questionnaire, students were interviewed and one Carlos studied the subject in the third quarter. The other three (Laura, Javier and Paula) even when they took the course in the six month period, pleaded "not having seen it." They questioned what this meant and they said that was "formula" exercise "these students enrolled in the subject in the same group.
The previous questionnaire consists of four parts: the first is in relation to the characteristics of the STF. Set to a verbal context. It responds with true or false. In the second part, they were asked for information from the algebraic-analytical context to the graphics context. The third part asked the details of the graphics context to context and algebraic-analytical context. The fourth part is a series of open questions and the student can answer in any context.
For the analysis of data are considered production team for each problem separately, and have become globally. It discusses the arguments for students to get to the resolution of problems through a table that considers the variables in each context analyzed.
The variables for analysis are:
In the graphic context • GC: Identify patterns of behavior (trends) • GP: Interpret graphic parameters (periods, amplitudes, phase, frequency ...) • GI: Interpret graphic features of the functions (continuity, limits, numerical values) • GO: Interpreting cross-functional operations (addition, multiplication of a function by a scalar product of functions, integral) In the context of algebraic-analytical • AC: Identify patterns of behavior.
• AP: Interpreting parameters (frequency, interval of definition, frequency ...).
• AD: Determination of the elements of the STF: coefficients, summations, lateral limits, ...).
• AO: Interpret operations.
In the verbal context
• CGA: conversion between graphic context algebraic-analytical context.
• CAG: conversion between the algebraic-analytical context to the graphic context.
• CGV: conversion chart to the verbal context and vice versa.
• CAV: conversion of algebraic-analytical context to verbal and vice versa. Table 3 presents the results of the analysis of output by an activity session 3. Table 3 . Posteriori analysis of activity 1, Session 3.
ACTIVITY GRAPHIC CONTEXT
ALGEBRAIC -ANALYTICAL CONTEXT
VERBAL CONTEXT
ARGUMENTS
( 1 ) GO AC CGA CAV CGV They interpret graphs and operations performance. Interpret algebraic-analytical behavior and conclude in the verbal context
Internal Validation
Internal validation is the comparison of post-hoc analysis with the analysis a priori. It is in this confrontation which is based design validation. This is established under the principle that the student's behavior can only be understood if it is on the findings. This confrontation can be read as follows:
In the first session, the activities were established so that the student is intuitive approaches to signal analysis, he had to link the physical phenomenon (in this case the audio signals) with laboratory analysis (the scope) to to speculate on the behavior of the signals. Finally the idea was to correlate this information with modeling by functions. In general, as students performed the activities in each session, their arguments had more sense, but have difficulty expressing their ideas and leave some of them without specifying.
Considering all subsequent analysis is evidence that students have conceptual gaps and lack of coordination work among the different graphical, algebraic, analytical and verbal. However, the same analysis demonstrates that some of the shortcomings can be overcome with the articulation of different registers of representation, and a way to promote an approach to a mathematical concept in higher education is through the mathematical display graphics context favoring.
Final Comments
This paper reports the approximation to the mathematical object from a systemic form in which school knowledge is redesigned for teaching purposes. With the notion of institution adopted along with the functionality of the mathematical object in that it uses are made in the teaching community of engineers, scientific knowledge is disrupted to become knowledge to teach students, thus giving an overview of how and what it teaches this or that content. The adopted perspective the Socioepistemology establishes the social construction of mathematical knowledge based on human interactions with their environment and with others. The knowledge and learning not only have to do with the way individuals think they are inherently social and cultural rights (Arrieta, 2003) . Also returning to our institutional reference to cognitive theory of meaningful learning in Ausubel (Rodriguez, 2004) is a cognitive theory that deals with the very processes that the individual brings into play to learn. With this it puts on emphasis in a learning with meaning and sense for the student of engineering.
